Introduction
The magnet support system for the SLC Arcs will be a long series of pedestals with each pedestal supporting the ends of two adjacent magnets. It has been pointed out by several authors l12j3 that random magnet vibrations in the Arc with amplitudes larger than 0.1 pm rms are potentially harmful for the SLC operation.
In order to assess the vibrational behavior of the Arc magnet system, we need to understand: ( 1) the sources and characteristics of the ground disturbances, (2) _ the coupled vibrational modes of the composite pedestal-magnet system and, (3) the response of the system to ground disturbance.
A review of the sources and characteristics of the ground vibration, i.e., item (l), above can be found in Ref. 4 . This note is an attempt to study item (2) . The coupled vibrational modes of the pedestal-magnet system are calculated theoretically. The actual response of the system to ground vibration has been measured on a nine-magnet mock-up and will be discussed in a separate report.
The strength of the microseismic vibration typically peaks at 0.15 Hz and generally drops to negligible amplitude beyond 30 Hz. For an assumed sound velocity of 2000 ft/ set in the ground, the whole SLC site will move up and down coherently below 1 Hz; therefore, any vibration below 1 Hz should not be of * Work supported by the Department of Energy, contract DE-AC03-76SF00515.
concern to beam stability at SLC. 4 In general the amplitude of vibrations between any unexpected harmful vibrations between 1 and 30 Hz, a dynamic feedback system at FFS region will be activated to correct the orbit. Consequently, the microseismic vibration would not be a serious problem for the magnet system. However, the cultural disturbances5 tend to peak-between 15 to 35 Hz and are of sufficient magnitude to occasionally affect the luminosity. In the following effort to identify the normal modes of the magnet-pedestal support system, we will pay particular at tention to the frequency range from 1 to 40 Hz. 
Magnet as a Simply Supported Uniform Beam
Although the vibrational behavior of a uniform beam is a well-known subject,81g
we will review briefly the Euler equation for beams to introduce the basic concept and notations.
To determine the differential equation for the transverse vibration of beams, consider the force and bending moment of the beam shown in Fig. 1 . 
Combining the two relations in Eq. (4), we obtain
But the bending moment A4 is related to the curvature R of the beam through aW M=EI$=EI= (7) where E is the Young's modulus of the material, and I is the moment of inertia of the beam cross section about the beam centerline, and EI is usually combined together to be called the flexural rigidity of the beam. Combining Eqs. (6) and (7) 
dx4
The general solution of Eq. (9) can be expressed in the fol1owin.g form: (9) y(x) = A coshPx+B sinhpx+C cospx+D sinpx .
The vibrational frequency w is related to the constant p, and the coefficients The fact that force is basically d3y/dx3 and torque is related to d2y/dx2 can be seen from Eq. (6). 
EI n2r2 wn = P@
It is important to be aware of the fact that the frequencies are proportional to n2. This is very different from the modes of a string under tension for which wn is proportional to the mode number n. This quadratic behavior of w, on n comes from the fact that the equation of motion, l3q. (8), is fourth order.
Similarly, it can be shown that for a beam with free supports at both ends, the normal modes are determined by cos&Q a coshp, e = 1 . PI
Now we are in a position to find the relationship between the vibration frequency and the sag of the magnet. For a magnet under its own weight, the Euler's equation (8) 
Applying the simply supported BC again, we obtain
which gives the sag at the middle of the magnet:
Combining Eqs. (20) and (15), we can relate the lowest mode vibrational frequency to the sag as:
This is the relation we used for Eqs. (3a) and (3b). For comparison, we list in Table 1 the' results of the calculation of the first two modes of a single magnet and a coupled magnet-pedestal system. n=2 n = 1 mode. However, the deflection of the magnets themselves in the n = 1 mode is always one with half sine waveform. The pattern formed by the pedestal will be of importance when the response of the system under the ground vibration is to be estimated.
Conclusions and Discussions
Using the sag of an arc magnet under its own weight and the stiffness constant if the pedestals are stiff enough, the coupled system does not vibrate at any lower frequency than the single magnet frequency; therefore, we only have to concentrate on the lowest mode without worrying about the lowering of the vibration frequencies from the higher order modes through coupling. However, if the fundamental frequency of the pedestal itself is lower than that of the magnet, the lowest mode of the coupled system will correspond to that of the pedestal. This should be avoided by all means. Second, any method to stiffen a magnet to raise the vibrational frequency beyond 40 Hz will make the coupled system vibrate at a higher frequency, as well.
So far, we have only addressed the free oscillation problem. In order to predict the response of the system to the ground vibration, we have to know the behavior of the ground vibration and work with a more realistic model for the magnetpedestal system. In particular, damping of the vibration needs to be included in order to predict the amplitude of vibration, given the ground motion. Another possible improvement is to include the torsional vibration in the calculation if that is proved to be important.
